UNCLASSIFIED 


AD  NUMBER 


AD841145 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  SEP  1968. 
Other  requests  shall  be  referred  to 
Commanding  Officer,  Fort  Detrick,  Attn: 
SMUFD-AE-T ,  Frederick,  MD  21701. 


AUTHORITY 


SMUFD  D/A  ltr,  17  Feb  1972 


THIS  PAGE  IS  UNCLASSIFIED 


AD841145 


Best  Available  Copy 


TRANSLATION  NO.  %  3  3  /> 

DATE: 


DDC  AVAILABILITY  NOTICE 


This  document  7 s  subject  to  special  expoit 
controls  and  each  transmittal  to  foreign 
governments  or  foreign  nationals  may  be 
made  only  with  prior  approval  of  Commanding 
Officer,  Fort  Detrjck,  ATTN:  SMUFD-AE-T, 
Frederick,  Md.  21701. 


iy68 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 


Best 

Available 

Copy 


'.'i-analatioa  Kuraten  T-66 8-3 

/latbcri  Harold  Jockusch,  Hax»*Pl*nck  Institute  for  Biology,  Kalchere  Division, 
Tubingen,  Germany 

Title i  Tempersturo-sensitive  Mutants  of  The  Tobacco  Mosaic  Virus*  II.  In  vitro 
behavior.  (Temperatursensitive  Mutanten  des  Tabakraoaelcvirus*  II* 

In  Vitro-Verhalten) . 

Jouvnalt  Journal  of  Genetics  ( Zeitaehrif  t  fur  Verebugslehre),  vol.  981  3Ui- 
362  (1966) 


September  1968 


a.  israoDwnoK 


Tbs  biological  condition,  which  led  to  the  iuvrrtigrtiana  on  tbs  thermal 
stability  of  the  on  prctein  cf  W7  matanta  in  nt^c,  ia  scnaarised  in  Part  I, 
The  primary  structure  of  the  protein,  *4  detarsdnod  ty  tbs  prctelo-cbscLe*! 
imrvatigatioro  of  Vittearm  end  coworkers  (1962,  19<3j,  1965)  cad  ele etrcpbaretio 
studies,  ore  thoan  in  Figure  1  Hoog  with  date  on  the  in  vivo  crhavicr  (Part  I). 

B*  MATERIALS  AND  METHODS 

I.  The  isolation,  propagation,  and  recovery  of  the  rlraa  entente  have  been 
described  In  Part  I, 

IT*  Purification  of  Core  Proteins 

In  tbs  ease  of  the  preriona  in  vitro  8 todies  (Jockuach,  196b),  alkali* 
split  viros  was  employed  whose  RKA  was  uniformly  dagreded  by  incubation  with 
RKaaa.  It  waa  not,  however,  feasible  to  separets  the  RKA  fragments  completely 
iron  the  protein  by  dialysis*  For  aore  exact  stadias,  the  preparation  of  RNA- 
free,  native  protein  waa  necessary.  The  acetic  acid  method  (Fraenkel-Conrat, 

e 

1957)  yielded  a  very  small  amount  of  product  since  the  protein  must  be  renatnred 
from  the  acetic  acid  solution.  In  the  case  of  th?  alkaline  cleavage  of  the 
virus,  the  ae native  mutant  protein  remained  completely  native,  but  the  separa¬ 
tion  of  RNA  and  protein  by  amraoniuB  sulfate  (Schramm,  19b7)  gave  unsatisfactory 
results.  The  electrophoretic  separation  of  cleavage  products  (Schramm,  19b7) 
offered  the  only  practical  means  of  obtaining  high  yields  of  labile  protein. 

!y  moans  of  carrier-free  (?)  electrophoresis  ( "Elphor  VaP,  Binder  and  Hobein, 
Munich)  using  the  method  of  Hanning,  a  large  aatunt  of  mutant  protein  csnnbe 


Abbreviations  usedt  TMV-Tobeeeo  Mosaic  Virus;  HP  -  core  protein;  RNA  ■  ribo¬ 
nucleic  acid)  RHase  *  ribonucleae*;  tr  *  temperature-resistant;  ts  * 
temperature -sensitive ;  def  -  defect  i*7R  •  amino  sold  residua;  Trie  - 
t-wdnoghydr coqrme thyl-propandiol  -(1,3). 
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purified  in  s  relatively  abort  time  (Sarkar,  I960).  Moreover,  the  previously 
specified  c  cm  it  ion*  (Jockusch,  1966)  were  adhered  to.  Alii  and  its  derivative* 
(except  Si51l)  split  so  poorly  ia  alkali  that  the  yield  oi  protein  and  the 
parity  eehieved  were  similar  to  that  with  vuigare  and  its  derivative*.  For 
this  reason,  an  "acetic  add  protein*  «es  employed  in  the  case  of  Alb  and 
Hi 696.  So  differences  cocld  be  detected  between  the  ■  alkali-protein*  and 
the  "acatic  add-protein*  of  Alb.  ftnrity  criterion:  the  degree  of  contamina¬ 
tion  by  RKA  was  determined  by  means  of  the  ultraviolet  extinction  coefficient 
*26CF%So  (eorra?te<i  for  light  scattering).  In  the  case  cf  the  complete 
Tiros  ($  %  RKA),  a  value  of  1.2  wee  obtained.  In  the  ease  of  t’e  *A-protein* 
of  Tulgare  and  itc  mutants,  it  wee  0.55  to  0.58  indleatix«  th'.t  the  preparation 
mas  practically  RHA-free.  In  the  case  of  the  Alb  mutants,  a  value  of  0.60  to 
0.6b  was  obtained.  Revive  state  activity*  proteins  weiw  considered  to  be 
native  if  they  produced  clear  solutions  at  b%  and  at  pH  7,  and  if  reversible  -  ' 
opalescence  was  produced  at  pH  5  (except  11220b  which  reversibly  precipitated 
st  pH  5).  Moreover,  the  proteins  vara  preserved  at  pH  5,  I  (icnle  strength)- 
0.1  at  -60°C. 

HI.  Buffers  Employed 

In  general,  the  buffer  described  ty  Miller  and  Odder  (1950),  which  has 
an  ionic  strength  of  P/2  «  I  •  0.1,  was  employed  for  the  denaturetion  studies. 
However,  at  pH  8,  Trie  was  employed  for  buffering  instead  of  veronal.  The 
buffer  has  the  following  advantages*  (a)  the  ionic  strength  is  definite  and 
ie  not  affected  by  the  pH,  (b)  80  TJ  of  the  ionic  strength  is  the  result  of 
the  NaCl  present,  (b)  the  ionic  strength  ie  equivalent  to  that  of  physiological 
saline,  (d)  the  temperature  coefficients  of  Miller-Oolder  buffers  containing 
acetate  (pH  5)  and  phosphate  (pH  6  and  7)  are  mull  enought  to  be  disregarded, 

(•)  the  buffers  employed  inrifcerfar  with  the  determination  of  protein  concentration 


by  the  measurement  of  UV  absorption  or  by  the  ninhydrin  teat.  In  this  caaa, 


pure  phosphate  buffer  (1-0,1)  of  Qreen  is  used.  For  testing  solubility, 
because  of  its  high  buffering  capacity  as  compared  to  Miller-Oolder  buffer, 
tbs  acetate  buffer,  pH  $*0,  of  Boyd  was  employed  (directions  are  found  in 
Rsuen,  Biochemical  Handbook,  1st  edition,  19^6). 

Qel  Electrophoresis  of  Proteins 

Proteins  prepared  according  to  Part  B.II.  were  suspended  in  Miller-Oolder 
buffer,  pH  5,  precipitated  with  aethanol-ether  ass in  Part  I,  aection  C.V.,  and 
then  disaolTed  in  8  M  urea,  20  %  sucrose  in  Aronsson-Gr&nrall  buffer*  Since 
£L220b  protein  cannot  be  separated  in  this  reamer,  it  was  precipitated  by  the 
addition  of  2  H  ammonium  acetate,  pH  li.8.  In  other  cases,  the  acetic  acid  protein 
is  obtained  from  the  virus  and,  after  removal  of  the  RHA  by  centrifugation,  the 
protein  is  precipitated  ia ©electrically  by  the  addition  of  seme  water  sr«d  2  K 
— i crlum  sulfate.  The  precipitate  is  washed  with  methanol-ether  and  dissolved  ' 
in  urea  buffer.  The  protein  concent  ration  is  about  1  to  5  mg  per  nl.  Electro¬ 
phoresis  was  carried  out  as  described  in  Part  I,  Section  B.I?.$. 

V.  Tests  far  Native  State  of  Proteins 

Next  to  the  macroscopic  examination  of  protein  solutions  (clear,  opalescent, 
precipitate),  the  following  criteria  were  used  for  determining  the  native 
state i  solubility  at  pH  5,  development  of  soluble  partioles  with  sedimentation 
eoefflcianta  of  greater  than  100S,  which  appear  as  aggregates  when  observed  under 
the  electron  microscope  with  a  diameter  of  about  l£0  %  and  a  central  canal. 

1.  mtracentrlfugstlcn. 

This  was  carried  out  using  •  Spine o  Model  E  analytical  ultracentrifuge 
(Beckman  Instrument*)  with  an  An-D  rotor.  In  order  to  avoid  strong  shearing 
forces  upon  injection  of  the  sample,  a  oovered  cell  was  used  into  which  the 
sample  could  be  pipetted.  It  was  not,  therefore,  layered  with  buffer  (with  the 


exception  of  the  urea  protein),  '  ut  was  filled  with  0*7  lal  of  protein  solution 
in  order  to  create  an  adequate  sedimentation  path*  All  run  were  carried  out 
at  20^3.  The  sedimentation  coefficient  S  was  calculated  as  follows  * 

Tag  S  ■  13,1818  ♦  Log  ALn  r  -  (2Log  t  ♦  Log  At) 
where  S  (S) 

r  (cm)  the  radial  distance  of  the  gradient  from  the  axis*' 

A  Ln  r  •  In  Ktj)  -  Ln  r(t^) 

A  t  (min)  ■  -  ti,  the  time  period  between  photographs  and 

f  (min"-*-)  the  speed  of  rotation  of  the  rotor 
The  viscosity  was  measured  at  20°C  using  an  Ostwald  viscosimeter* 

2»  Electron  Microscopy* 

Protein  aggregates  were  analysed  by  the  negative  staining  n»thod  of 
Zfrennsr  and  Homer  (1959).  A  drop  at  the  sample  was  applied  with  a  cejillsrjr 
to  the  grid,  placed  under  a  tacuom  and  dried*  The  same  procedure  was  repeated 
with  2  %  phosphotungstie  acid  at  pH  5*  The  electron  micrographs  were  kincly 
prepared  by  Hr*  H*  Frank  and  Mr.  Barger  (Max  Planck  Institute  for  Virus  Research) 
using  a  Siemens  Electron  Microscope  I* 

C.  RESULTS 

I*  Electrophoretic  Behavior  of  Proteins  in  8  M  Urea 
Sengbusch  (1965)  found  that  intact  virus  particles  of  seme  mutants,  where 
protein  analyses  (Wittmann,  1962)  showed  no  difference*  between  them  and  the 
parent  strain,  possessed  a  slight  mobility  in  ths  electrical  field!  in  weakly 
alkaline  ablutions  st  intermediate  ionic  strength*  Thie  is  explained  by  amino 
acid  substitutions  of  ths  typet  aminodlcar booty  lie  acid->  aainodloarbaxjrlie  acid 
amide*  These  are  not  normally  detected  by  protein  analysis*  RHA-frss  proteins 
in  8  M  urea  were  analysed  by  gel  electrophoresis  in  order  to  exslude  ths 
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possibility  that  substitutions)  in  addition  to  those  indicated  by  Wittmann, 
may  occur,  and  to  characterise  several  substitutions  which  it  is  not  known 
whether  the  amincdlcarbcotyllc  acid  or  its  snide  is  present  (Wittmann,  1962), 

Figure  2  shows  the  bands  that  ware  obtained.  Two  classes  of  bands  are 
seen:  some,  which  migrate  like  rulgare,  and  some  which  migrate  like  flevua. 

This  difference  is  based  upon  a  single  charge  difference  (Wittmann  et  al. ,  1965). 
By  some  derrangement  during  aggregation  (secondary  bands)  or  car  band  disation  of 
asd.no  groups  by  cyanate  (Cole  and  Mecham,  1965;  in  alkaline  medium),  the  results 
were  in  agreement  with  the  analyses  of  Wittmann  as  well  as  the  electrophoretic 
•tudiee  of  Sengbueeh.  Earlier,  it  was  shown  that  in  the  case  of  N1103  and 
0696,  an  aspartic  acid  residue  is  substituted,  in  position  19  of  the  polypeptide 
chain  and  that  the  single  aspartic  sold  is  in  peptide  I.  0109  does  not 
migrate  at  a  slower  rate  then  rulgare  as  one  would  expect  from  the  protein  - 
chemical  results  ("iittaaarm,  1962)  and  the  findings  of  Sengbcsoh  (1965  )•  Ttore 
art  two  possible  explanations  for  these  mbits  1  (s)  the  protein  contains  an 
additional  substitution  of  amlnooarboxylic  sold  —  andnodicarbcxylio  sold  which 
is  not  detectable  by  protein  analytical  methods.  This  additional  substitution 
neutralises  the  charge  loss  oaused  by  the  glutamio  add  «—  glycine  suostltutlon 
in  the  oats  of  urea- extracted  protein,  fb)  we  are  dealing  with  nothing  mere  than 
the  original  parent  strain.  In  any  case.  It  is  out  of  the  question  that  the 
protein  contains  no  substitution  different  from  rulgare. 

It  one  begins  with  only  the  results  obtained  with  electrophoresis,  the  follow- 
lr«  principle  la  formulated  1  All  proteins,  which  migrate  more  slowly  than  the 
rulgare  protein  In  alkaline  solvents,  are  ta  (temparature-eeneitlre).  However, 
not  all  te-protslns  migrate  more  alowifcrthan  rulgare  protein.  The  mutants, 

I1U6  mad  0.1196,  which  have  hath  lost  a  proline  by  mutation,  form  only  weak  and 
diffuse  bands.  In  alkaline  8  N  urea  ablutions,  they  exhibit  more  eggreagftee 
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than  residual  protein*  In  this  regard,  previous  investigations  with  the 
analytical  centrifuge  have  shown  that  NillS  protein  in  this  solvent  sediments 
about  twice  as  fast  as  does  vulgare  protein* 

II.  Pattern  Tests  with  W1118  and  Vulgare  Proteins 

y,  118  was  selected  for  these  tests  since  it  is  a  sensitive  ts  mutant  and 
ite  protein  exhibits  no  charge  substitution  as  compared  to  the  vulgare  proteins 
This  was  done  so  that  the  effects  that  were  observed  would  not  be  dependent 
on  different  isoelectric  points* 

1*  Speed  of  Denaturation* 

For  the  following  studies,  the  protein,  which  was  at  pH  5,  I -0.1,  was 
dialysed  for  at  least  1*8  hours  at  lt%  against  repeated  changes  of  buffer* 

The  protein  solution  was  then  incubated  in  a  water  bath  under  tho  actual 
experimental  conditions*  At  specified  times,  0,5  ml  of  protein  solution  was 
withdrawn  and  pipetted  into  1*5  ml  of  lee  odd  Boyd  buffer,  pH  5*  After 
thorough  mixing,  the  sample  was  allowed  to  set  for  several  minutes  in  an  ice 
bath  and  tfefen  centrifuged  for  i  minutes  at  1,300  x  g  (solubility  test).  De¬ 
natured  protein  under  these  conditions  will  be  found  in  the  sediment  after 
centrifugation*  The  protein  content  of  the  supernatant  fractions  was  deter¬ 
mined  after  alkaline  hydrolysis  using  the  ninhydrin  reagent  according  to  Moore 
and  Stein  (195U).  The  protein  concentration  for  this  experiment  was  oaleulated 
from  the  following  relationship!  1*10  O.D.^g^^/Wl  •  5  x  10"^  H  (Fraenkel- 
Conrat,  1957)* 

a)  Effect  of  Temperature,  figure  3  a hows  the  denaturation  of  !till8  nrotein 
at  20%  and  30%,  Tha  sample  a  contained  5  x  10"^  M  protein  in  W.ller-0  older 
buffer,  pH  7*0,  1*0*1,  10~3  m  ethyimeroaptan*  The  capacity  to  form  aduble 
aggregates  et  pH  5  disappears  at  30%  with  •  half  time  of  t|«*l*8*  At  20%, 
t^  >  10*  minutes*  The  •malting  point*  of  the  tertiary  atruetmre  of  HU16 
prole  lit  (Kauxmann,  1953*)  ss  s  coneequenoe  of  an  amino  add  substitution  Uee 


between  20°  and  30%  k  while  it  is  greater  than  30%  in  the  case  of  the  vulgsre 
protein.  However,  at  20%,  appreciable  denatm.oion  occurs  after  £  b  'trs 
(Table  1), 

b)  Effect  of  Mercaptan.  Duplicate  samples  with  $  x  10*^  M  N1118  protein 
in  Miller-Oolder  buffer,  pH  7.0,  I  *  0.1,  were  incubated  at  30%  with  and 
without  *>  x  10-3  )f  ethylaercaptan*  In  order  to  assimilate  the  test  conditions, 
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the  Boyd  buffer  contained  10  M  ethylmercaptan.  Sven  with  a  100-fold  increase 
in  SH- groups  over  those  in  the  protein,  no  differences  in  the  speed  of  denature* 
tion  during  incubation  could  be  found  (Figure  it)*  Nevertheless,  the  studies 
were  carried  out  in  the  presence  of  mercaptan  in  order  to  avoid  any  trouble  sene 
interferences  bar  heavy  metal  contasdnation. 
t.  Aggregation  during  Dialysis. 

If,  during  ths  investigations  on  the  progress  of  denaturation,  the  pH  is 
lowered  to  $,  optimal  aggregation  to  rods  is  achieved  in  this  cnee  oe  well  as 
by  dialysis.  In  the  following  studies,  the  behavior  of  N1116  protein  and 
vulgar#  protsi  \  was  studied  at  20°  and  30%  at  pH  7.0  or  bv  dialysis  at  oH 
These  were  carried  out  using  10“^  solutions  of  1U118  and  vulgare  protein. 

All  of  the  incubetion  buffers  contained  10“2  M  fthylmerceptan.  The  dialysis  was 
against  NiUer-Golder  buffer  at  pH  5*0.  Ths  incubation  and  dialysis  times  for 
,11  samples  were  $  hour?,  after  which  the  sample*  were  centrifuged  for  10 
minutes  at  1300  g.  The  relative  concentrations  of  the  sediments  and  supernatants 
were  determined  by  neasureeanto  of  the  *****  evaporation  and  diaaolution  in 
10  N  urea,  pH  7.  The  supernatants  were  centrifuged  In  ths  analytical  ultrsoentri- 
fuge  and  the  soluble  fractions  were  studied  under  the  electron  sioroscope. 

Table  1  gleet  the  fractions  of  ths  supernatant  and  precipitate  and  ths  sedimenta¬ 
tion  coefficients  of  ths  proteins  In  the  supernatants.  Figure  $  shows  ths 
sedimentation  profile,  while  Figure  6  above  the  electro  micrographs  of  aggregates 
found  ct  pi  $•  The  results  are  (s)  ty  dialysis  pH  7  5  at  20°  and  30%, 


yulgare  protein  forms  aggregates  of  greater  than  100  S  in  which,  as  the 
electron  microscope  controls  show,  the  subunits  are  arranged  in  a  hollow 
cylinder  form.  The  fraction  of  protein  that  precipitates  in  this  case  is 
less  than  1  %»  At  pH  7  and  I  *  0*1,  the  protein  remains  in  a  clear  solution 
in  the  fona  of  smaller  aggregates  of  ca.  30  S.  This*  corresponds  to  a 
double  ring  of  about  2  x  17  protein  subunits. (Caspar,  1963).  At  I  •  0.02, 
and  after  storage  at  li%,  a  component  with  a  value  of  It  S  was  found.  This 
corresponds  to  the  actual  "A  protein”  with  three  subunits  per  particle 
(Caspar,  1963).  (b)  Liles  vulgare,  H1118  protein  after  dialysis  pH  7  5  at 

20°C,  fofw5  soluble  aggregates  of  mare  than  100  S  which  appear  as  rods  (hollow 
cylinders)  under  the  electron  microscope.  About  99  %  of  the  protein  in  this 
case  forms  into  aggregates.  Hctwver,  at  30°C  and  I  *  0.1,  this  value  is  75  %c 
and  at  I  ■  0.02,  98  %  of  the  protain  forms  an  insoluble  precipitate.  The 
somewhat  higher  stability  at  higher  ionic  strengths  can  be  shown  to  be  repro¬ 
ducible.  At  pH  7  5,  I  "0.1,  the  vast  majority  of  the  protein  in  solution  is 

infths  form  of  rods.  Hence,  it  has  been  concluded  that  the  30°5-denaturation  of 
Hill 8  protein  is  an  all-cr-nooe  occurrence,  that  is,  either  the  protein  precipi¬ 
tates  or  rods  are  formed  at  pH  5*  At  pH  7,  I  •  0.1,  after  5  hours  at  20%,  a 
alight  precipitate  is  formed.  At  30%,  91  %  cf  the  protein  precipitates.  At 
I  ■  0.02,  however,  the  solution  remains  clear  and  partloles  are  found  with  a 
sedimentation  coefficient  of  38  S. 

*  Tho  sedimentation  coefficient  values  are  not  corrected  to  a  constant  viscosity. 
Viscosity  measurements  were  can-led  out  on  A  proteins  St  pH  7,  aggregates  at 
pH  5,  and  virus  particles  at  pH  7.  With  a  protein  concentration  of  1{H*  M,  the 
riscoeity  of  the  aggregates  was  only  6  t  higher  than  that  of  tho  pure  solution, 

It  is  concluded  that  it  would  not  be  important  to  oerrset  for  such  a  small  char*#. 


(c)  Tbe  question  now  ms  if  tbe  36  S  coapoaent  obtained  by  incubating 
*1118  protein  at  30%,  pH  7,  I  -  0.C2,  still  posaeeeed  the  capacity  to  font 
aggr agates  xa  ac  orderly  fashion  shea  dialysed  against  pH  5  buffer  in  tt* 
cold.  It  ses  found  that  after  incubation  far  30  sdaxte3  at  30%  followed 
by  dialysis  at  k°C  against  ICLllar-Oolder  boffar,  pH  5*0,  I  *  0.1,  95  5  of 

tbs  protein  precipitated*  Contrary  to  an  aarliar  ■esruptlffa  ( Jocbaech,  196k), 
tbs  protein  renal  nine  in  sdutden  at  30%  at  lav  ioede  strength  it  no  loafer 
native.  On  the  other  band,  wlpn  protein  can  be  knp&  eater  slsdlar  eooditens 
far  at  least  2k  boors  at  30%  adthoeat  losing  its  capacity  to  fees  sali&i 
aggregator  at  pH  5  in  the  cold* 

(d)  SiaUlitailoa  trr  phosphate  ienst  The  pcedpitaalai  at  C113  protein 
st  30%  in  Hiller-Ooiidsr  baffler,  pH  7,  I  •  9*1,  is  act  purely  an  ioede  straagth 
affect*  'f  am  ineabatea  the  protein  easier  atari! ar  conditions  bat  in  pare 
phosphate  buffer,  pH  7,  T  •  Owl,  the  solution  sill  be  only  opalescent  end 

not  mom!  ly  centrifugation  at  1,300  x  g.  After  dltijtia  at  fc%  against 
baffar,  pH  5,  I  •  0*1,  only  a  fraction  of  the  protein  precipitates.  In 
contrast  to  cfcloridb  loos,  the  phosphate  ion  baa  a  stabilising  effect  at  l'»rt 
In  the  ease  ax  tbs  eolnLility  behavior  of  the  11118  proteia. 

3*  Utoie  of  the  Precipitates. 

Tram  the  spectral  of  tbs  solvents  ebieb  are  capable  of  dissolving  the  protein 
predpitstea,  one  can  dra*  sens  conclusion  as  to  the  nature  of  tbs  bends  involved 
in  bolding  tbs  aggregate  together  (Savuxyt  Jaetdeks,  1965)*  Using  H118 

*4 

protein,  the  fdlloving  studies  sere  carried  ooti  A  10  V  solution  at  native 
proteia  in  buffer,  pH  7,  I  »  0.1  with  10“^  K  cysteine,  ms  bald  at  30°  C  for 
kO  urinates  and  thsn  fixed  site  an  equal  voliaea  of  Bcyd  buffer,  pH  5,  I  •  0.1 
(the  resulting  pH  us#  st  *’).  Tbs  suspension  use  dirtied  up  sad  the  fractions  ears 
centrifuged  at  1,300  x  g  for  10  xLaotes.  21  f  of  the  protein  uus  recovered  in  the 
supernatant  fractions.  Tht  jsdiaants  sere  suspended  in  equal  soirees  of  various 
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soavusts  as  shewn  in  Table  i.  Tba  jrrteia  eceosatmtlm  t2a  saparaataata 
sts  artcaiiad  on  the  basis  of  tbs  T-jjtj  (Table  2}  after  eatelfsptleB  fee 
10  ajaotee  at  1,300  x  {.  It  sea  frsrai  that  (a)  tbs  edawaet  sf  tbs  «urtt«iw 
Is  not  tbs  result  cf  corniest  ttattat.  Mutual  sxchagfa  bstnsag  aliphatic 
aids  ehalas  appear  to  bs  tbs  tajor  rattUnttaa  (  volubility  Is  social  dahcyl- 
suLfete}.  ( b)  Tbs  biniinc  f cress  differ  qaalitstivwlj  fra  thorn  itddi  bold 
tin  astir*  protein  igryta  together  (Mgbar  altali  resistance).  (e)  it  pi  $, 
at  k®C  as  nail  as  st  30*0,  a  KfUsortiy  rwoataratica  cecsrs. 

m.  Cocaarstiva  Dtaatcutlao  Cartia  of  Tgjgs  Itotaats 
1.  Damtcmtico  at  pS  7« 

Tbs  fenr  tr  airalns,  nlprt,  111,  K1.C9,  R1927,  aad  tbs  fins  t»  strain a, 
flaeae,  mflarasraas,  CPUS,  *1103,  aad  51115,  won  coopered  at  pg  7,  I  -  0*1, 
30%,  adtb  reference  to  tbs  wlkltj  of  protein  dehataratiaa  {fixers  7)*  Tbsss 
ssm  tsstsd  as  dncflM  la  Section  C.U.1.  VI  th  tbs  asccptiod  of  rsflasascsns, 
ddtt  Is  derived  firm  flam  by  nay  of  tbs  asesaa  strain,  all  of  tbs  octants 
differ  firm  ndfgs  ty  cnly  a  stasis  mi  no  add  sebstitation  (sift  rtfarda  to 
11109,  bosrrar,  sss  Section  C.I.  ).  illtb  retards  to  tbstr  ability  to  fees 
soluble  aggregates  at  pH  5,  in  tbs  earn  of  tbs  twotaoU,  balf-liaaa  of  1.5 
Ktantos  (BUS)  to  80  xlzsctas  (refleesaeene)  vers  observed.  H1927  w  warm 
strongly  danecursd  than  vulgar*  shorn  ball  Ufa  sas  >?.S  x  leP  ninates  nftieh  saa 
greater  than  that  of  the  cost  at* his  ts, outsat.  Tba  protein  frm  All,  hossvsr, 
is  aven  sera  stahla.  Aftar  15  hours,  practically  no  denatsratlon  cau  bs  detected 
mint  tbs  solubility  tost  in  tbs  earn  of  tba  vulgar*  protein. 

2.  Effect  of  PH 

Multiple  ample  a  sera  suspended  in  buffers  of  pH  8.0,  6.0,  and  5*0  as 
described  In  Section  C.m.l.,  incubated,  and  teat,  figure  8  above  tbs 
eorrssponiiat  carves  for  pH  6.0}  at  pH  5.0,  after  15  hours,  practically  no 
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dKnM  la  adutHi^r  m  detected.  At  pfi  6,  the  proteins  behaved  tbs  mm  as 
at  pB  ?. 

The  half-live*  obtained  in  this  mmbt  are  raewrlsed  in  TA2e  3*  is  tbs 
ineubctlce  p5  approached  ths  isoelectric  point,  tbo  deneturaticn  velocities  mere 
decreased  by  a  factor  of  >100  to  >1000  (1U118). 

IT.  Comparison  of  Several  Alb  Wotsats 

In  figure  9  is  ehsMo  tbs  Us* ties  of  tbs  loss  at  salability  of  several  Alii 
mutant  proteins  Incubated  at  pfi  7,  1*0.1,  as  described  in  Section  C.II.l.  Tbs 
bxlf-l±TM  feed  veret  «5ll  -  20  minateaj  M.696  -  30  minutes;  101196  -  180 
artmtas;  *12619  -  >2.6  x  ic£  minutes. 

Cue  finds  that  (a)  the  mutant  *1696,  uMeh  is  differentiated  from  flam 
19*  tec  eery  distinct  substitutions  in  tbs  polypeptide  chain.  Is  somewhat  more 
stable  than  flanai  11696  t|  •  30  minutes;  flevm  tj®  10  minutes,  (b)  Also,  an 
adds  subetitetioe  can  cause  ts  behavior  (see  C.X.).  Tbs  protein  of  W5ll  has 
a  strllar  lalf  life  to  that  at  flams,  (c)  Ths  protein  of  the  ts  mutant  502619 
is  as  stable  sa  that  of  lii  at  %Pc*  Also,  no  precipitation  mas  observe  during 
dial^mo  of  alia?  Ina-cpHt  virus  against  pfi  6  buffer  at  36%.  In  agreement  with 
tbs  protein  analyses  of  WSsttmana-Lisboln  et  al.  (1966),  in  both  mutants,  no 
substitution  could  be  found  and  fron  these  and  the  in  vivo  studies  (Part  I),  one 
mast  conclude  that  in  tbs  ease  of  *12619,  it  is  not  the  envelope  protein  that  is 
altered  bet  rather  there  la  the  mutation  of  a  second  g«n*  for  temperature  sensi¬ 
tivity.  (d)  *l220b  precipitates  independently  from  the  30%  influence  almost 
completely  at  pH  5*  I  *  0.1. 

T.  Vlld  Strains 

In  tbs  case  of  tbs  in  vivo  studies  (Part  I),  it  was  shown  that  the  wild 
strains,  dahlamense,  02,  and  Holmes'  Bib  dress,  are  tr,  la  the  case  of  the 


-12- 

ln  vitro  studies,  thb  test  conditions  s  far  U2  and  HRQ  in  contrast  to  those  for 
vulgare  mast  be  somewhat  altered  since  isoelectric  precipitation  occurs  at  a 
higher  pH.  It  wap  diluted  with  Boyd  buffer,  pH  5.5*  I  •  0*1,  insteand  of  pH  5 
(see  Rentschler,  in  preparation).  Incubation  at  pH  7.0,  I  -  0.1,  10“ 3  M  sthyl- 
aureaptah^,  30%  for  h  hours,  gave  the  following  results  *  02  and  HRQ  are 
completely  stable |  dahlemense  protein  denatures  very  slowly?  t£&300  minutes. 

VI«  In  Vitro  Stability  of  Virus  Particles 
From  the  fact  that  during  virus  recovery,  heat  precipitation  of  plant  proteins 
at  6000  for  10  minutes  Is  utilised  and  that  this  method  allows  the  recovery  of 
both  tr  and  ts  mutants*  it  has  been  tentatively  assumed  that;  complete  ts  virus 
particles  have  the  same  high  thermal  stability  as  the  vulgar  a  virus  (Jockuech, 
196b).  In  making  this  assumption,  however,  it  is  necessary  Vo  consider  the 
following:  (a)  The  conditions  in  the  crude  plant  extracts  are  not  defined,  parti¬ 
cularly  with  regards  to  the  actual  initial  virus  concentration,  which  ie  net 
known,  (b)  The  treatment  tine  la  relatively  short  as  pppoeed  to  the  time  of 
in  vivo  growth  (several  days),  (c)  Particularly  ir.  the  case  of  the  ts  mutants, 
one  often  obtains  unpredictable  and  often  low  virus  yields  which  could  well  he 
the  consequence  of  the  heat  treatment.  In  the  following  experiment,  it  was 
determined  if  incubation  of  ts  virus  particles  for  long  periods  of  time  et  high 
temperatures  rendered  them  RNase  sensitive.  Solutions  of  purified  virus  containing 

1  mg/ml  of  strains  vulgare  (tr).  Alii  (tr),  N1116  (ts)  flavors  (te),  CPl*l5  (ts) 
were  Incubated  in  Sorensen  phosphate  buffer,  pH  7.0,  1*0.17,  at  50%.  at  tlmas 
0,  5,  15,  25,  and  hO  hours,  samples  were  withdrawn,  mixed  with  an  equal  volume 
of  cold  solution  containing  10  pg/nl  RNase  in  phosphate  buffer,  pH  7,  and  then 
incubated  for  1  hour  at  37 °C.  After  that,  the  samples  were  diluted  in  loe  cold 
phosphate  buffer  (lflOOO  for  vulgare,  Alb,  and  NU18j  1*200  for  flrrom  and  Cpbl5) 

2  Worthington  Biochemical*,  Freehold,  ff.J.  U.3.A. 
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and  held  in  an  iee  bath  until  ths  test*  Inf  activity  was  tested  on  the  Xantbi 
tobacco  strain*  Control  t  untreated  vulgare  solutions  containing  1*0,  0*2  and 
0*02  jig/ml  vlrufio  Fulgare  solutions  were  incubated  for  1*0  hones  at  £0°C  without 
subsequent  RNase  treatment •  Vulgare  RNA,  20  pg/ml,  untreated  as  well  as  virus 
solution  treated  with  RNase  were  diluted  to  5  pg/ml  for  the  test*  The  results 
are  shown  in  Figure  10„ 

Hone  of  the  strains  showed  a  significant  decrease  in  infeetivity*  As  the 
dilution  series  for  the  vulgars  virus  shows,  it  doesn’t  matter  if  the  test  was 
carried  out  in  the  saturation  range  cf  ths  standard  curve.  After  treatmei*'.  at 
50%  for  1*0  hours,  vulgare  virus  not  treated  with  RNase  showed  no  significant 
difference  in  infeetivity  as  compared  to  virus  treated  with  RNase.  Under  the 
m  conditions,  treatment  of  free  RMA  with  RNase  was  100  %  effective  in 
inactivation* 


D*  CONCLUSIONS 

I*  Relationship  of  In  Vivo  and  In  Vitro  Behavior 
The  known  functions  of  the  1W  envelope  protein  are  (a)  in  the  cytoplasm 
of  the  hoet  plant,  they  aggregate  specifically  with  virus  RKA  in  forming  virus 
rods  in  the  presence  of  other  proteins  and  nuelelo  adds.  (V)  During  ths  extra¬ 
cellular  phase  of  ths  infection  cycle,  they  provide  the  RKA  eneasedlin  the  viable 
virus  rod  with  adequate  protection  against  external  factors,  particularly  the 
notion  of  RNase.  (e)  In  spite  of  this  stability,  they  permit  the  release  of  RNA 
daring  the  primary  process  of  infection.  The  physicochemical  basis  is  known  for 
for  only  one  of  the  functions.  Function  (b)  is  not,  according  to  Section  C.VI.r 
temperature  sensitive  in  the  esse  of  thn  ts-rautants*  The  following  results 
•how  that  the  aggregation  of  RNA-free  envelope  proteins  at  low  pH  is  an  appropriate 
model  for  the  coaggsegatlon  cf  the  proteins  with  RNA*  (a)  The  defective  mutant, 

M2,  does  not  few*  stable  virue  particles  in  ths  plant  under  green  house  conditions 


(Siegel,  Zaitlin,  end  Sehgal,  1962).  In  vitro.  at  low  temperatures,  it# 
proteins  aggregate  in  such  a  way  so  as  to  far*  open  helices  which  do  not  have 
the  conformation  necessary  to  protect  RNA  from  Hllase  ( Zaitlin  and  Terris,  196b). 
(b)  The  mutant  N12201*,  at  high  as  well  as  at  low  temperatures,  conatracta  vexy 
small  amounts  of  stable  virus  -  its  protein  precipitates  also  in  the  cold  upon 
dialysis  against  buffer,  pH  5.0,  I  -  0.1,  whereas  the  remaining  mutants  far* 
rod-shaped  aggregates,  (c)  Ts  mutants  of  Class  I,  in  contrast  to  the  wild  type 
vulgare  and  the  tr  mutants,  can  form  only  very  reduced  amounts  of  virus  st 
32 in  vitro  -  Their  proteins  lose  up  to  50  %  of  the  capability  to  fora  orderly 
aggregates  in  pH  5  buffer  after  incubation  at  30°C,  pH  7,  1*0.1,  in  2  to  130 
minutes.  In  contrast,  the  capabilities  of  the  tr  proteins  in  this  respect 
remains  undiminished  for  many  hours.  Obviously,  in  this  case,  low  pH  can 
aluer  the  phosphate  residues  of  RNA  during  the  aggregation  process  if  the  fine 
structure  of  the  rod-shaped  aggregates  ("stacked  disk*  fora)  is  not  in  close 
enough  harmony  with  that  of  the  virus,  (Macrohelix) (Franklin  and  Commoner.,  1955). 
Considered  collectively,  the  in  vivo  and  in  vitro  investigations  hshew  the 
unequivocal  conclusion  that  temperature  sensitivity  of  mutants  of  Class  I  is 
dependent  on  the  temperature  sensitivity  of  the  envelope  protein  subunits. 

II.  The  Aggregation  Defect  as  A  Consequence 
of  The  Irreversible  Alteration  of  Conformation 

\ 

In  the  case  of  the  first  in  vitro  studies  on  ts  mutants  of  TM7  (Jockusch, 

# 

196b),  aggregation  and  heat  treatment  were  carried  out  simultaneously  (dialysis 
at  high  to  low  pH  at  30°C).  It  was  presumed  consequently  that  high  temperature 
during  the  aggregation  process  produced  denaturation.  The  never  in  vitro 
etudles  (this  investigation  and  Jockusch,  I960)  showed,  however,  that  the  de¬ 
naturation  of  envelope  protein  subunits  occurs  also  st  constant  high  pH  and 
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that  the  disordered  aggregation  during  t ha  subsequent  pH  reduction  is  a  cch> 
wywo  of  thlf  danataratlon. 

m.  SUblliicticn  tar  Lob  pH  or  MCI 

Tha  reason  of  denaturation  of  proteins  by  beat  la  tha  thermal  moment  of 
the  polypeptide  chain  ecapeoata  sway  from  tbs  configuration  characteristic 
of  the  native  molt  cola,  liiich  leads  to  the  formation  of  stronger  bonds  of  the 
polypeptlo*  components  of  the  a ear  molecule  in  a  different  manner  or  with 
i  another  molecule  (Vt,  1931)*  From  the  structure  of  the  protein  aggregate  and 
the  collate  win*  parti  da,  one  is  able  to  comprehend  hoe  the  degrees  of  freedom 
for  thermal  aowemt  by  tha  polypeptide  chain  is  reduced  as  a  result  of  the 
■tali,  dlvttnoe  between  subunits  in  tha  A-protain.  Consequently,  it  is  plausible 
to  a isra  *%at  low  pH  as  wall  as  ESA  produce  thermal  stabilisation  of  the 
eubunlto  during  aggregation.  In  this  regard,  it  can  be  also  said  that  the  pH 

a 

dappmdanoa  of  tha  denaturation  speed  at  pH  >  7  is  practically  nonexistent. 

IT.  The  I^xartanca  of  A  Single  laino  Add  Residue 
As  is  e  result  of  the  protein-chemical  analyses  of  Vittmarn  and  co-wartcero,  it 
is  poesiUe  to  correlate  tbs  in  tIto  and  in  vitro  behavior  of  mutant  proteins 
not  only  with  each  other  but  also  with  the  known  nine  add  substitutions.  In 
this  csss,  however,  a  simple,  generalised  rule  cannot  be  established  (Vlttoenm- 
LiebaLd  et  al«,  1965;  Jockuseh,  1966).  For  '.hat  reason,  only  a  fan  specific 
eases  can  chosen  itosre  a  plausible  explanation  can  now  be  given. 

1.  The  Prollns  Hsaidns  in  Positions  70,  63,  and  156 

U  116  ( Prolins  ->•  leucine  in  position  20)  and  RU927  (proline — » leucine 
in  position  156)  constitute  a  very  dear  example  of  the  effect  of  the  position 
of  the  substitution  in  the  polypeptl  Je  chain  on  tbs  stability  of  mtant  proteins 
(Joekusch,  196ijj  Vittaann-Lie bold  at  al«,  1965).  K11927  is  tr.  The  C-terwinal 


•nd  /position  1$8)  c"  tho  polypeptide  chain  lies  on  the  surface  of  the  virus 
psrtiolo  (Kerris  end  Kftight,  19$2*  end,  if  <  consequence*  elec  on  the  turf see 
of  each  subunit.  Rill 8  is  ts.  The  substitution  at  position  20  is  not  detect* 
able  serologically  in  the  intact  virus  end  appears ,  therefore,  at  least  frcn 
the  observations  with  the  whole  virus  particle,  to  lie  more  towards  tho 
interior  (Sengbusch,  196$).  Obviously,  the  prolina  at  position  20  stablises  a 
sharp  bend  in  the  polypeptide  chain  which  is  necessary  for  the  functioning  of 
the  subunit  (orderly  aggregation).  The  proline  residue,  however,  is  not  im¬ 
portant  in  the  spontaneous  production  of  these  sharp  bends  at  higher  tempera¬ 
tures.  In  oontrast  to  this,  the  three  dimensional  fixation  of  either  of  these 
and  no  acid  residues  by  the  proline  residue  in  position  1$6  does  not  appear  to 
be  decisive  in  the  re  aggregation  and  the  bakk-fdding  of  the  proteins  denatured 
^ilth  urea*  hence.  It  follows  that  the  last  three  amino  acids  can  be  generally 
absent  (Sengbusch  and  Wittaann,  196$).  The  temperature  sensitivity  of  MU196 
(prolina  serine  in  position  63)  can  be  understood  as  well  as  that  of  N1118 
but  it  is  not  possible  at  this  tine  to  give  an  explanation  for  the  quantitative 
differences  between  these  ts  mutants. 

2.  The  Groups  in  Positions  19  and  20. 

The  group,  aspartic  acid  -  prolina,  which  is  found  invvulgare,  is  also 

found  in  hemoglobin  and  causes,  in  the  latter  case,  the  break  in  the  alpha- 

helix  region  (Peruts  et  al.,  1966:  Ouzzo,  1966).  The  end  of  the  helical  region 

is  quite  generally  an  important  prerequisite  for  formation  of  the  structure  of 

globular  proteins.  In  the  group  19*20  in  the  case  of  TM7  envelope  proteins, 

either  proline  or  aspartic  acid  can  be  substituted.  In  both  cases  at  2®-2$9c, 

the  functional  tertiary  structure  will  be  improved  but  the  disaggregated 

% 

protein  will  be  labile  at  high  temperature.  The  aspartic  acid  has  bean 

I 
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substituted  by  various  amino  acid  residue*  in  different  mutants  i 
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(other  amino  acid  substitutions  are  shown  in  parenthesis) 


AH  of  the  substituted  amino  add  residues  result  in  the  pppoarance  of 
ts  protein*  However,  the  native  state  half-lives  measured  at  30%,  pH  ?, 

I  *  0.1,  diff areas  shown  above •  The  fact  that  the  substitution,  amino  di- 
carbcaylio  add  — amino  dicarbcRyllc  acid  amine  is  aspartic  add  — ^ 
asparagine  at  position  19  in  Ri5ll  is  a  speculation  based  on  physicochemical 
similarities  between  these  proteins  find  those  of  flarrum,  H1103,  and  Hi 696. 

In  must  remain  undecided,  however,  whether  the  stabllisiig  effect  of  aspartic 
add  is  the  result  of  a  mutual  exchange  with  the  solvent  (OussO,  1966)  or  the 
result  on  an  intramolecular  salt  bond. 

3.  The  Wild  Strain  Protein 

The  four  wild  strains,  vulgare,  dahleaanae,  02  and  Holmes'  Rib  Grass 
(HRQ)  are  tr  in  vivo  and  ih  vitro.  Obviously,  they  have  been  selected  under 
natural  conditions  for  temperature  resistance.  The  proteins  from  dahleaense 
( Vittmann-Liebold  and  Vlttmann,  1963)  and  02  (vlttmann,  1965 1  Rsntsehler,  in 
press)  have  been  analysed  for  their  primary  structure.  The  protein-chemical 
basis  of  their  temperature  resistance  in  shown  in  Figure  li  Positions >  whei-e 
mutations  can  lead  to  temperature  sensitivity  are  similar  to  those  of  vulgare 
In  the  case  of  the  other  wild  strains.  However,  those  positions  which  do  not 
affect  tr  behavior  vary  widely  (91116  and  H12068  belong  to  the  stable  ts 
mutants.  The  proline  residue  position  156  is  involved  with  enaymatic  sta¬ 
bilisation  Cfrugtt*  and  Fraenlcel-Cocbat,  I960)). 
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ju  Th«»»Elpophllic"  Protein  of  Nj22Qk 

The  protein  of  Hi220fi  differs  front  all  the  other rwutarrt  proteins  studied 
in  that  (a)  it  is  reversibly  precipitated  at  pH  5>  I  »  0.1,  !»%,  and  (b)  it 
cannot  be  precipitated  from  an  aqueous  solution  with  methanol-ether*  Its 
strong  lipophilic  behavior  can  be  explained  by  the  substitutions  t  serine 
leucine  (position  1$)  end  threonine i coleucine  (position  153)  if  one 
assumes  that  they  lie  in  the  vicinity  of  the  surface  of  the  subunit.  Both 
of  the  substitutions  are  of  the  typet  polar  apdlar  (see  Figure  1). 

SUMMARY 

The  proteins  of  several  temperature  sensitive  and  temperature- 
resistant  (g)  strains  of  TMV  (earn? j-Pert-I-)-,  for  which  the  amino  sold  se¬ 
quence  is  known  due  to  the  work  of  Wittnann  et  si.,  have  been- separated  from 
the  RNA  In  the  native  state  and  investigated  with  respect  bo  their  thermal 
stability.  ' 

Model  experiments  with  the  wild  type  (vulgare)  and  the  most  sensitive 
mutant  ( Nill8 )  shew  that: 

(e)  Upon  Tdiajysls  from  pH  7  to  5  at  30°C,  NillS  protein  forms  a  preci¬ 
pitate  and  only  a  small  proportion  of  soluble  aggregates,  whereas  NillS 
protein  at  20%  and  vulgwre  protein  at  both  temperatures  form  soluble 
aggregates  with  sedimentation  coefficients  of  several  hundred  S  (Fig*  5, 

Table  I). 

(b)  If  soluble  aggregates  are  formed,  they  have  tht»  typical  cylindrical 
structure  (Figure  6). 

(c)  The  non-ccvalent  bonds  which  form  the  precipitate  differ  qualita¬ 
tively  from  those  which  form  the  ordered  aggregates  (Table  2). 

The  thermal  stabilities  of  18  different  proteins  were  compared.  Upon 
Incubation  at  pH  7*  I  B  0.1,  30°C,  te-I  mutant sprote ins  lose  thsir  ability 


to  form  soluble  aggregates  at  pH  5  in  the  cold  with  half  lives  of  2  to  60 
minutes  (in  one  ease  180  minutes),  whereas  the  proteins  of  tr  mutants  retain 
this  ability  for  at  least  several  hours  (Fig*  7,  9)*  Of  the  wild  type  proteins, 
dafolemense  is  the  meet  sensitive*  In  contrast  to  all  other  mutant  prote'_.v  >  the 
protein  of  the  defective  mutant  Ni220l»  precipitates  at  pH  5  even  in  the  cold. 

The  protein  of  the  ts-II  mutant  W12519  is  stable  at  30°C  (Figure  9). 

The  rate  of  denaturation  of  ts  proteins  decreases  strikingly  when  the  pH 
is  lowored  from  7  to  9,  but  between  pH  7  and  8,  there  is  only  a  slight  pH 
dependence  (Figure  8,  Table  3).  Complete  virus  particles  of  ts  mutants  are 
stable  at  50<$  for  at  least  kO  hours  (Figure  10). 

The  role  of  certain  amino  add  residues  in  the  stabilisation  of  the  native 
tertiary  structure  is  discussed*  In  the  case  of  ts  mutants,  all  the  amino  acid 
residues  which  are  replaced  are  not  necessary  for  the  spontaneous  formation  of 
a  functional  structure  at  low  temperature. 

It  was  found  thati 

(a)  All  mutant  proteins  which  have  a  lowered  electrophoretic  mobility  in 

8  M  urea  at  pH  8.6  art  ts,  but  not  all  ts  proteins  have  an  altered  electrophore¬ 
tic  mobility. 

(b)  The  prolira  residues  in  positions  20  and  63  ere  necessary  for  the 
thermal  stabilisation  of  disaggregated  protein,  hut  not  the  proline  residue  in 
petition  156. 

(e)  In  the  positions  19-20,  the  arrangement,  Asp-Pro,  most  probably 

>  .  t 

stabilises  e  bend  in  the  polypeptide  chain  which  is  necessary  for  ordered 

aggregation.  The  substitution  of  each  of  the  residues  leads  to  a  sensitive 

<  .  1  ~  -  ...  ..  . .  •  -  ■  .... 

pr^Uinc 

(d)  In  the  case  of  the  defective  protein  of  $L220li,  the  role  of  polar 
(but  not  charged)  and  apolar  alda  ohalnti  for  the  solubility  properties  of  the 
protein  molecule  is  evident. 
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Fig®  1.  Tho  primary  structures  of  the  envelope  proteins  end  the  in  vivo 
temperature  behavior  of  lit  mutants  of  TMV»  Not  shown  aret  N122Q1F7 “( Jef ;  i 
aerino  — *s»  leucine  in  position  15,  threonine  — **>  isoleucine  in  position 
15?»  *  In  addition  to  tho  substitutions  indicated,  in  Alb  there  is 
present;  the  substitution  isoleucine  threonine  at  a  position  which  in 
itself  does  not  lead  to  tempeiature  sensitivity*  a  In  addition  to  this 
substitution,  there  is  the  substitution  serine  phenylaAanine  at 
position  138,  which  does  not  lead  to  temperature  sensitivity  according  to 
studies  on  another  mutant.  The  protein-chemical  data  have  been  obtained 
from  Wittmann,  196b  and  Wlttmarm-tiebold  et  al.,  1965,  for  the  mutants, 
and  from  Wit troann-Lie bold  and  Wittmann,  1963;  Wittmann,  1965,  and  Rentschler, 
in  press,  far  the  wild  strains*  Localisation  of  substitutions  of  N1103 
and  Ni696  within  peptide  I  by  electrophoresis  -  separation  into  tr  and  te 
according  to  Jockusch,  196b,  and  this  work.  Part  I  -  separation  of  amino 
add  residues  as  polar  end  apolar  according  to  Peruts  et  al*  (1965)* 


Fla*  2a  and  2b.  Gel  electrophoresis  of  TMV  mutant  proteins  in  8  M  urea, 
otf  8.  (a)  Vulgare  derived  mutants,  (b)  Alii  derived  mutants.  Reference! 
trulgare  protein","200  V,  U8  —  30  ma,  IS  hours,  deaaitcaetry  after 
anddo-Schwam  staining* 


Pi?*  3*  N1118  protein  at  pH  7*0,  -1  $  0*1,  at  30^C  and  20°C.  Loss 
of  capacity  at  pH  5  to  form  soluble  aggregates. 


0 


Legend  for  Figure  5,  continued* 


removed  by  centrifugation  for  10  minutes  at  1,300  g. 
ca,  29$  minutes  after  attaining  running  speed  of  f  ■ 
with  Phllpot- Svens  kiwi  optics,  60°  angle* 


pictures  taken 
17,980  (min'1) 


Figures  6a-d.  Electron  micrographs  of  protein  aggregates  of  vulgare 
and  N1118.  The  results  are  similar  to  those  in  Figure  $  except  that 
the  solutions  were  hot  preparatively  centrifuged.  Undiluted  aggre¬ 
gates  were  negatively  stained  with  phosphotungstic  acid.  Apparatus 
magnification!  1*0,000  Xj  total  magnification  100,000  X.  Vulgare 
proteinai  (a)  at  2QOCj  (b)  aggregated  at  30°C.  Nillo  proteint  (c) 
at  20°Cj  (d)  aggregated  at  30°C.  In  (d),  in  addition  to  cylinder- 
form  aggregates,  a  number  of  amorphous  aggregates  are  seen.  70  -  80  % 
of  the  protein  is  found  in  the  amorphous  aggregates.  Pictures  taken 
by  Dr*  Frank,  Max  PS  sack  Institute  for  Virus  Research* 
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Figure  7-  Denaturation  kinetics  of  proteins  frcra  vuigayee 
mutants  and  ref lave scene  •  'v 


Figure  8.  Dena'turation  of  proteins  from  vulgare  mutants 
at  pH  6,0.  Scale  for  the  time  axis  differs  from  that  in 
Figure  7. 


Mjgwpa  9»  Bcnaturation  kinetics  of  i*»ib  Mutant  proteins* 


-*» 

Mjifi'tV  „  Coot n»%V < or*  VW-  CJ'r'TS^ 


Figure  10.  Thamal  stability  of  tr  and  ta  virus  particles. 
Saa  t«rt. 


TABLE  I 


1  Sedimentation  Characteristics  of  Vulgara  and  N1118  Proteins 


1-0,1 

l  -a. oi 

pli  1 

pH  T  -S 

pH  T 

pH  »-.» 

Si  m 

4»C 

32  8 

— 

3-4  8* 

30  8 

— 

20*  C 

80%  30  8 

11%  IV 

90,.r»%  .100  8 
(250  S) 

0,5%  IV 

— 

— 

,K)»  0 

0%  1.18 
01%  IV 

20%  270  8 

74%  IV 

00%  30  8 
1%  Pr 

2%  250  8 
08%  IV 

rulgarf 

4»(5 

__ . 

— 

4  8  V 

— 

2<i*  C 

100%  29  8 

0%  IV 

00.5%  o«0S 
(250  S) 

0.5%  Pr 

~ 

30*0 

100%  20  S 

0%  IV 

90,5%  530  S 
(320  81 

0.5%  Pr 

„„„  12408 
mX  (530  8 
1%  Pr 

Similar  studies  are  ahoun  in  Fig.  Qiven  are  the  relative  fractions 
in  %  of  protein  with  the  stated  sddiAentation  characteristics  (sedi¬ 
mentation  coefficient  in  Svedberg  units,  in  brackets,  the  next  com¬ 
ponent,  or  "Pr*  •  precipitate;).  Determination  of  concentration  by 
measurement  of  the  BggQ  in  10  K  urea. 
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‘Safely  2e  Solubility  of  NillG  Precipitate 8 

% 


Solvent, _ .  Temperature  Tima  Fraction  dissolved 


Miltfr-Kolilrr-Buffar  pH  ft,  l 0,3 
Millrr-Ooi.t.'r-lhiff.'r  pH  5,  I  —0,1 
j  Millfr-CoMcr.UuJft'r  pH  I0.fi,  (  —  0,1 
‘  0.02  M  Na-DixlKviinlliitipS!  6,1  «>0,12 

07%  Has^waacetlc  acid 

8  U  Una  pH  R,  1  -  0.1 


4*C 

24  1* 

<0,0.1 

.10*  c 

24  K 

<0,0.1 

4*C 

24  It 

0.18 

20*  C 

<5  min 

1.0 

20*  C 

<20  tec 

1.0 

20*  C 

<6  min 

1.0 

Table  3*  Native  state  half Ives  of  tr  and  ts  proteins  as 
a  %S$ijion  of  the  incubation  pH* 


StCfllK 

pH  5  0 

pH  6,0 

HI  7.0 

pH  s.0  ! 

rutfjnre 

(f) 

>2,r.lo* 

>2,6  10* 

>2,5- 10* 

>2,5*10* 

si  m 

<«*> 

>  2,11-10* 

400 

20 

20 

sms 

(ts) 

>2,fi-10* 

30 

2 

1.6 

Si  mi  «r) 

>2.5- 10* 

>  2.6- 10* 

>2,6-10* 

>2,8-10*| 

.  CP4I5 

m 

>2,5- 10* 

200 

6 

2 

i  Ibvum 

(•*) 

>2,  t- 10* 

200 

10 

10 

4  N 

(tr) 

>2,6- 10* 

>2,6- 10* 

>2,6-10* 

>M10* 

Tsmperature  30°Cf  I  •  01.  Values  given  are  the  values  of 
the  tx  (ain).  The  native  state  criterion  is  solubility 

at  pH75. 


